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Abstract 
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For our project we decided to make a prosthetic finger for the owner’s personal use.  This 
project was originally designed for use by one of our own senior project members and because of 
this we were able to design a product that best suited his needs.  Although our partner has 
learned to live his life without three of his fingers he admitted that having a prosthetic finger 
would allow him to do many normal tasks with either hand he chooses.  The prosthetic provides 
assistance in his daily activities by functioning as a normal index finger.  The prosthetics can 
move in a complete range of motion comparable to an actual human finger while operating on its 
own power source.  In addition, everything that is necessary to operate the prosthetic finger is 
stored in a single compartment allowing for ease of transportation and usability.  Although 
originally intended for our customer, we hope our product will include a larger population in the 
future and continue to be improved down the line.
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Chapter 1: Introduction 
 
Accidents can occur to anyone, and sometimes people receive serious injuries such as 
losing a limb because of one. Losing a limb can affect the patient’s everyday life and their 
autonomy. Nowadays, different medical companies provide numerous solutions for those who 
have unfortunately gone through one of these accidents including different kinds of prosthetics. 
Most of these very in aesthetics, range of movement, and change extensively depending on the 
quality of performance (i.e. speed, durability, choice of material).  Prosthetics can also use 
different approaches to mimic the movement of human fingers and the conditions that cause 
them to move [5]. However, prosthetics that include more functions or have better performance 
prove more expensive and sometimes require surgery to attach to the patient, only increasing the 
overall cost even more [4]. Most prosthetics can cost up to thousands of dollars not including all 
of the fees associated with purchasing one (i.e. doctors, tutorials), which some patients in the 
United States and in developing countries can’t afford.  
Prosthetic fingers can provide patients with the ability to pick up a pencil and write, play 
piano, hold up a glass of water, type on a keyboard, and much more. Using electromyography to 
evaluate signals generated in the muscles by brain activity and 3D printing for the design of a 
prosthetic, one can create an affordable yet durable and fully functioning prosthetic. This would 
give patients another opportunity to perform activities on a regular basis that may have become 
more difficult as a consequence of a limb-severing accident.  
We hope to work on and add later developments to the GoGoFinger in the future in order 
to improve sensitivity to the finger (i.e. better movement performance), more degrees of 
freedom, amplified strength of brain control, smaller components, and a quicker response time 
between sensors and servos.  Furthermore, the use of removable fingertips with this prosthetic 
adds to the overall functionality. The tips can help perform other tasks easily; a removable 
screwdriver could help the user tighten or loosen screws, a laser pointing device for use during 
presentations, a bottle opener to open soda pops, a flash drive to keep important files anywhere, 
or a blade to open new packages. These removable tips resemble innovative additions to a 
regular prosthetic targeted to those who want to have the extraordinary and prepare to do even 
more tasks than explained above. However, these additions may also come as options for the 
patient in order to maintain affordability, and would result in differently priced products. 
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The Problem: 
 
Many people have lost their fingers during accidents and as a result would greatly benefit 
from prosthetics or any of the other sources provided from a medical institution.  However, as 
discussed above, these solutions can be extremely expensive and a lot of the times are 
unaffordable to the people who need them.  Some agencies offer payment aid for these services, 
but often have strict restrictions or do not cover enough of the cost. In the case of the patient 
studied during this project, the index and middle finger of his left hand got severed in an accident 
at a young age, and he would like to be able to use affordable prosthetics that can give him back 
the motion in at least one of his fingers in order to learn how to assist with daily tasks such as 
holding a glass of water. The second image from left to right in Figure 1 below shows, in yellow, 
the prosthetics that our patient would need. 
Two companies, Touch Bionics and Otto Bock, focus on the market of prosthetics; one 
focuses on the function of the prosthetic while the other prioritizes on aesthetics. While Touch 
Bionics does offer i-Limb Digits, a fully functional finger-partial hand prosthetic (refer to Figure 
1), the i-Limb hand can cost a total of $100,000 including fitting and training, making it 
extremely unaffordable to most. A few other companies also focus on finger prosthetics like 
RCM Enterprise, and Didrick Medical, however most of them provide mechanical solutions to 
finger prosthetics. This would allow for an affordable EMG finger prosthetic to enter the market 
in a positive and accepted manner by either adding this design to a company like Touch Bionics 
or beginning a startup. 
For our project, our primary goal was to create a product that was affordable to the 
average consumer while also maintaining full functionality as well as looked pleasing to the 
eye. 
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The Solution: 
 
In order for us to complete this senior project and successfully reach all of the goals we 
set, we needed to have a set timeline and then stick to it as best as possible.  Throughout the 
design process we would meet up and brainstorm ideas until we agreed upon the best way to 
implement that part of the project.  We knew early on that we would utilize a 3D printer to print 
all major components of the actual prosthetic finger.  We also agreed upon using an EMG sensor 
kit as well as servo motor’s found online that weren’t too expensive, but still allowed for a 
complete range of motion as well as acceptable performance (i.e. signal strength, motor speed, 
response time, etc.).   
Although we got the majority of our work done together as a team throughout the time 
this project was completed, but we still had to be individually productive and work on our own 
respective tasks as well.  This meant that in order to be the most efficient, we had to split up 
tasks based on our strengths.  Omar primarily handled the coding portion for this project while 
also spending a lot of time on determining positioning of the EMG sensors.  Ernesto spent a big 
portion of his time tuning the servomotor and making sure it could handle the necessary load.  
Shane took lead on designing the housing for the electrical components as well as how the 
prosthetic secures to the user’s hand.   
We also received assistance from a couple of ours friends who had experience using 
Solid Works and had access to 3D printer. Thanks to this help we designed the prosthetic finger 
in much less time and we could print necessary components right when we needed them.  
Although we worked on our own respective parts at time, we couldn’t have completed each task 
without the collaboration and ideas of all group members.   
 
 
 
 
Figure 1:  i-Limb Digits possible prosthetic options 
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Chapter 2: Design 
 
Customer Needs Assessment 
After speaking with our customer, we determined our customer’s needs. The user needs 
two prosthetic fingers that assist with daily living by performing all of the same major motions 
that a normal finger would make [7]. Our project also needs to demonstrate affordability as it’s 
number one priority and therefore requires careful selection for each individual part.  In addition 
to affordability, the prosthetic must operate in a safe manner without exposing the user to danger.  
Since our customer intends to use this device on a daily basis for multiple hours at a time, both 
comfortableness and usability largely shape the design of our project. Lastly, our customer 
would like the ability to quickly change the fingertips with other tools in order to perform 
various tasks such as changing out screws or using a laser pointer. 
 
Requirements and Specifications 
After reviewing our customer’s needs, my team came up with the necessary requirements 
and specifications to deliver a quality product that covers everything he asked for.  Making our 
product affordable falls as our number one requirement. We must choose cheap sensors, 
mechanical components, and mold materials in order to not drive up the cost [8].  In addition to 
an inexpensive mechanical motor of some sort, this part must also function in a complete range 
of motion.  To assist with the range of motion, two myoelectric sensors detect all types of 
movements in the hand.  Lastly, additional molds created for interchangeable fingertips assist 
with various tasks and swap out easily.  The entire prosthetic receives power from a self-
contained battery power source to make our product both portable and efficient.  Overall, we 
must ensure the safety of our user by properly testing the types of materials, the power source, 
and the mechanical components.  Table 1 below provides a detailed list and description of all 
specifications as well as the requirements that drive each of these specifications. 
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TABLE I 
GOGOFINGER REQUIREMENTS AND SPECIFICATIONS 
Marketing 
Requirements 
Engineering 
Specifications Justification 
1-5 Total production cost less than $300 After researching potential parts for the 
motor, 3D printing/material, and sensors, 
our project doesn’t exceed $300. 
1,2,4 Material that can withstand 13N of force 
and weigh no more than 7oz.   
A cheap durable plastic that lasts 
throughout daily use and outdoors 
conditions. This material gives the molds a 
finger like appearance. 
3 Fingers bend in complete 90 degree 
motion [9] 
Must have a mechanism that operates in a 
complete 90-degree motion.   
1,4 Two sensors account for a complete range 
of movements [10] 
One sensor measures the muscle twitches 
form the flexor while the other measures 
the extensor. [11] These twitches 
correspond to actual movement of the 
fingers. 
1,4,6 Utilizes a 9 V Battery to power the device The battery powers the device for up to 12 
hours.  Each finger requires a battery [12]. 
1,3,4,5,6 Interchangeable tips such as screwdrivers 
(Regular, Phillips), bottle opener, laser 
pointer 
The ability to swap fingertips allows the 
user to perform various tasks right from the 
tips of their fingers. For example the user 
may switch between a screwdriver, pointer, 
or bottle opener. 
1,2,3,4 A glove secures the prosthetic fingers to 
the user’s hand. 
The user wears a comfortable glove that 
securely connects the prosthetics to the 
hand while impacting their operation. 
1,2,3 1.5x1/3x1/4 (inches) fingertip dimensions  Carefully sized fingertips represent 
proportionality to human fingers. 
1.   
The requirements and specifications table format derives from [1], Chapter 3. 
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Level 0 & 1 Black Box Diagrams 
 
 
 
 
 
Figure 2: Level 0 Black Box 
Diagram for the GoGoFinger 
 
TABLE II 
 GOGOFINGER FUNCTIONAL REQUIREMENTS LEVEL 0 
 
 
 
Figure 3: Level 1 Block Diagram for the GoGoFinger 
 
 
 
 
Module GoGoFinger 
Inputs - Brain signals responsible for flexor and extensor 
hand motions 
- Power, small & rechargeable battery 
Outputs - Movement of one or both prosthetic fingers 
Functionality Process brain signal to relay a unique motion to one 
or both prosthetic fingers. 
EMG signal  
Power (small 
&Rechargeable battery) 
 
Unique finger motion 
(control bits) 
GoGoFinge
r 
Black 
Box 
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  TABLE III 
 GOGOFINGER FUNCTIONAL REQUIREMENTS LEVEL 1 
Module Sensors 
Inputs -9V from battery 
-Electric signals from body 
Outputs -EMG signals 
Functionality The sensors detect electric signals from 
the body and transfer these signals to the 
microprocessor 
Module Microprocessor 
Inputs -5V from battery 
-EMG signals 
Outputs -Digital Output to SG90 servo 
Functionality The microprocessor receives EMG signals 
and assigns a predetermined that is sent to 
the motors to set a specific shaft angle for 
the prosthetic fingers. 
Module Motors 
Inputs -9V from battery 
-Specific command 
Outputs -Motion to fingers 
Functionality The motors receive a specific command 
from the microprocessor, which controls 
how the motors produce the output motion. 
 
 
 
 
 
 
 
 
 
 
 
Overall Design 
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For the overall design of our project there was a lot of brainstorming that took place. One 
of the references that helped us solidify the direction we wanted to take with our project is shown 
in Figure 4. 
 
 
Figure 4: Artificial hand serves as model for our project 
 
As shown in the above figure, we wanted to incorporate moving joints and strings as the primary 
mechanism to move our artificial hand. This image served as an example of the type of model we 
wanted to make. 
 
The Finger Modeling and Printing 
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The first thing we had to decide upon was how to make the model for the finger that we 
planned on using. We brainstormed and experimented with various methods while reaching this 
determination, in the end, it came down to cost, viability, and availability as factors that affected 
our decision. 
 We decided on using a 3D printer to make the actual model. To create the mold that the 
printer would read we thought about using a mold of the customer’s hand. This would work by 
using a molding kit that would leave the impression of a person’s hand in a type of putty and 
then hardening clay was used to fill in the mold and create the figure. After attempting this 
several times, we came to the realization that this method was ineffective because the hand did 
not form properly many of the times. Since we felt that this would lead to noticeable inaccuracies 
later on, we decided to try another method instead. 
 Another method we considered was using a 3D scanner to create the model of the human 
hand and use that as the file the 3D printer would use. Unfortunately we had trouble with the 
availability of a scanner and we also felt there were better options to explore. 
 Finally, we decided to use the modeling software SolidWorks to create the file of the 
hand we desired to use. This would entail the team learning the basics of SolidWorks to gain an 
understanding of how the program worked and how we could alter files to fit our specifications. 
We found a file that we felt would be perfect for our needs, and proceeded to alter this file to fit 
our desires.  
This is where our knowledge of SolidWorks came in handy to be able to alter the file and 
certain parameters such as orientations, lengths, diameters, etc. Figure # shows the file we altered 
and used for the project. We also used SolidWorks to create other objects such as enclosures. 
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Figure 5: SolidWorks file of the hand used for the 3D printer 
 
Controlling the Fingers 
After we had an idea of what type of model we were going to use for the finger, we 
needed to decide how we were going to control the movement of the finger. We thought this 
would be best accomplished through servo motors, as they offered decent size and strength for 
these purposes. The also offered two directions of motion, which would allow for the flexing and 
extending of the finger. 
Our next decision was how we were going to connect the motor to the finger. We knew it 
would require a material that would be flexible but also have a lot of strength so as not to snap 
when trying to move the finger. In the end we reached the conclusion that a string would be the 
best option to accomplish this task. It was light and small enough so that it would not add 
unnecessary weight yet could still handle the stress the motor would place on it. 
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Controlling the Motor 
One decision we had to make early on was how the motors would be controlled. We 
knew early on that a microcontroller would be used to collect signals and instruct the motors how 
much to move and in what direction. 
The kit we ordered contained a microcontroller and included software to program it. We 
felt this was the best course to take since it was already supplied and the software was tailored 
for the purpose for which we were using it. 
Sending the Signals to the Microcontroller 
 The first part of this puzzle was how we would obtain the signals from the body to be 
able to decipher them via the microcontroller. We decided from the beginning to use the EMG 
sensors to obtain the electric impulses from the human body. 
 The kit we looked into and ultimately purchased contained the EMG sensors we needed 
as well as the necessary hardware and software to make them function within our project. 
Attaching it to the Customer 
 After understanding how the individual parts would work, at least in theory, it was time 
to think of how they would come together and what would be used to hold all these pieces. At 
first we had considered a type of harness, but soon realized it was more difficult and time 
consuming than originally planned. 
 We finally decided on using an external glove to hold the printed finger together. The 
glove’s purpose would be to hold the finger steady yet not impede any movement. We also 
wanted to make sure it would not get in the way of the strings when the flexing or extending was 
taking place. 
 Another thing we wanted to take into account was where the motors and the 
microprocessor would be placed. Using SolidWorks we decided to create an enclosure that could 
sustain these items without providing too much bulk to the entire contraption. 
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Chapter 3: Build and Test 
The Prosthetic Finger 
The first step in building the finger that we were going to use for our project was to 
produce the file that would be sent to the 3D printer. As explained in the design section of this 
report, we obtained a file that was similar to what we needed and then modified the necessary 
parts to fit our needs. After we were satisfied with our design it was printed using the 3D printer 
shown in Figure 6. 
 
 
Figure 6: 3D Printer used to print the components of our project 
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There were multiple printings that needed to be made before we were satisfied with the 
results. Some of the problems had to do with the printer itself, such as deformed parts and parts 
that cracked during the process due to the thinness of the initial design.  
 We also had to reprint the bottom joint of the finger after realizing that the overall finger 
was too large. Using SolidWorks, we modified the distal and middle joint to a shorter length and 
reprinted this piece again. 
Figure 7 shows the SolidWorks model of one of the joints that attaches directly to the 
finger stub on the human hand. 
 
 
Figure 7: SolidWorks design of a finger joint 
 
A complete representation of all the joints and how they connect are shown in Figure 9.  
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Figure 8: The finger joints and the layout of the finger 
 
After having all the correct and desired pieces, it was time to assemble the finger. We 
found that metal screws worked adequately for this and used two large screws for the joints and 
two smaller screws to hold the removable tip. 
The next step was to thread strings through the joints that when pulled would control both 
joints in one direction. In theory we wanted to have two strings: one going under the joints to 
control bending the finger and one above the joints to control extending the fingers. 
We realized that when extending the finger the string did not generate enough torque, and 
we solved this problem by using another string over the joints to provide more leverage. This 
seemed to fix the problem. Figure # shows what the assembled finger looks like. 
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Figure 9: Assembled finger with metal screws and strings 
 
EMG Sensors 
The EMG sensor that we decided to use for this project was ordered from Sparkfun and 
created by Advancer Technologies.  The reason for selecting this exact sensor was due to the 
good reviews that people gave it online and after talking with people who had experience 
working with it, we decided it would be a good fit for our project.  This EMG sensor also had a 
great price compared to many of the high-end sensors on the market.  We originally planned on 
using an EMG sensor from BITalino, but ran into several problems that made it difficult to 
interface with our microcontroller.  
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Figure 10: DSP display of EMG showing relaxed state (low digital value) 
 
Figure 11: DSP display of EMG showing muscles being flexed (high digital value) 
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The EMG sensor was tested using the DSP software that is provided by Arduino.  Figures 
10 and 11 above show two different readouts of the DSP software.  One shows the user’s arm as 
relaxed showing no digital input, while the other shows the user clenching his fist and the digital 
readout shoots to a high value.  The software is used to see a digital representation of the analog 
signals we would be using to communicate with the microcontroller.  Once we properly 
connected the sensor to the software we were able to clearly see the signals coming from the 
body.  The toughest part about using the EMG sensor is figuring out the most precise location for 
placing the three electrodes in order to ensure the strongest signal with the least amount of noise.  
One of the three electrodes used during testing can be viewed in Figure 12 below.  The software 
greatly assisted with the location of the electrodes because we could clearly identify which parts 
of the arm strengthened or added noise to the signal. 
 
 
Figure 12: Sample electrode used to receive EMG signals 
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Figure 13: Pin layout for EMG sensor from Sparkfun 
 Figure 13 above shows the relatively simple pin layout used to configure the EMG 
sensor.  This sensor receives power from two 9V batteries with their negative terminals being 
connected to the reference pin on the chip.  The use of two 9V batteries can also be used to 
power the microcontroller and therefore requires us to only need a single power source for our 
prosthetic finger. 
 
Testing the Motor 
To test the motor, we first simply connected it to the Arduino to make sure we could 
control the movement. Once we were assured we could power it correctly and that it was moving 
according to the commands provided with the code, we then incorporated it to the whole project. 
 The actual movements of the motor did not give us too much trouble, and instead we 
spent much of the testing time adjusting the movement of the motor so that it corresponds to the 
appropriate rotation of the gears and the appropriate pull of the strings. 
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Figure 14: Servomotor used to control the string movement 
 One of the issues we ran into was that the motor and the strings produced mixed results 
sometimes. Sometimes it worked fine and other times the motor could not generate enough 
torque to pull the string. After adding two strings this problem was minimized. 
Coding 
The Arduino Pro Mini used in this project communicates with the EMG via UART at the 
analog pin A1. The SG90 servo was controlled using digital pin 0 of the board. The Arduino IDE 
software for coding was useful to us as it has a servo.h library saved, which included helpful 
functions to attach the servo to a certain pin, and write to the servo the angle of the shaft to 
which we want to move it towards.  
The shaft angle was determined by looking at the serial monitor, available in the Arduino 
software, and matching the baud rate at which the UART serial is set to in the code, in this case 
9600, as the speed seemed to work best with the response time of the servos. Furthermore, the 
length of the strings leading to the prosthetics from the servo were modified to improve the flex 
and extend process and make it flow with the code. A delay was also used to make sure that the 
processing speed did not mismatch with the time it takes for the SG90 servo to receive the signal 
and the time it takes for the shaft to reach the appropriate angle. 
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Since the servo’s period is 20ms and the duty cycle is 1-2ms, as shown in Figure 15 
taken from the SG90’s datasheet, the delay chosen was set to 20ms to give the shaft enough time 
to adjust too. These delays can be reduced through a lot more testing to minimize the response 
time of the prosthetic.  
 
Figure 15: SG90’s period and duty cycle 
To begin the code, it was appropriate to check each component separately to make sure 
everything worked independently before moving into the whole system. Using the serial monitor 
on Arduino, we were able to observe the digitized signals coming from the forearm and to the 
EMG. Once were able to observe a good flex response on the monitor and close to 0 when at 
rest, and got the code to sweep the shaft back and forth or get to a certain position, the system 
was put together by writing “if” statements to set the shaft of the servo to a certain angle 
according to the analog signal received from the EMG. To set the limits on these, minimum and 
maximum values were found and testing was needed to see which ranges of signals could be 
controlled more accurately by the patient. In this case four limits were used; below 20, 20 to 70, 
70 to 130, 130 to 200, and above 200. Each range was set so that as the patient increased the 
amount of flex force used, the prosthetic fingers would be able to flex as well.  
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#include <Servo.h> 
const int analogInPin = A1;  // Analog input pin 
int EMGValue = 0;        // value read from the sensor 
 
Servo servo1; 
 
void setup() { 
  // Tells Arduino a Servo is connected at Pin 9, Digital Pin 0 on the board 
  servo1.attach(9); 
  // Initialize UART comm at 9600 baud rate 
  Serial.begin(9600); 
} 
 
void loop() { 
  // read the analog in value: 
  EMGValue = analogRead(analogInPin);  
 // Relaxed State            
  if (EMGValue<20) { 
   servo1.write(0); 
   delay(20);    
  } 
 // Level 1 Flex 
  else if (EMGValue<=70) { 
   servo1.write(45); 
   delay(20); 
  } 
 // Level 2 Flex 
  else if (EMGValue<=130) { 
   servo1.write(90); 
   delay(20); 
  } 
 // Level 3 Flex 
  else if (EMGValue<=200) { 
   servo1.write(135); 
   delay(20); 
  } 
 // Level 4 Flex 
  else { 
   servo1.write(180); 
   delay(20); 
  } 
  // print the results to the serial monitor:                     
  Serial.println(EMGValue); 
}  
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Chapter 4: Results 
 Right from the start we learned that were would be multiple aspects to this project.  In 
looking at the overall design of our product we had to consider how it was going to look, how it 
was going to function, what type of materials to use, what were its limitations and so much more.  
We also quickly learned that it is the design process that takes up the majority of our time 
devoted to this project.  The more effort we put into brainstorming ideas and thinking of every 
possible way we could go about doing something, the more it paid off when it came down to the 
build and test stages.  When one thing suddenly stopped working or we couldn’t figure out what 
went wrong, it was very helpful to have other ideas to fall back on instead of remaining stuck on 
one.  Another major takeaway was being able to efficiently use our time and being able to split 
up tasks and work independently, but also knowing when to rely on our group members for help. 
By the end of this project we were able to successfully create a product that fulfilled what 
it was originally intended to do.  Our two primary goals were to keep it cheap and affordable and 
also ensure that the user’s daily living would be improved by the use of this prosthetic finger.  
We also were successful in creating a prosthetic that could be easily transported and also remain 
in use during transportation.  In order to do this we had to come up with a way to self power the 
device and make sure the power source lasted long enough during continuous use.  Although we 
originally agreed to use a lithium ion battery, we decided upon two 9V batteries that were more 
compatible with both the sensor and microcontroller after modifying the EMG component of our 
project. We were also very happy with the range of motion for our prosthetic finger, even though 
the result is not highly consistent and varies on the position and other movement of the hand.  
We were originally worried that the hinges in our design would inhibit the finger from extending 
out all the way.  However, after numerous printings and adjustments made in SolidWorks, we 
made a product that moved exactly how we intended it.  Overall, this was a great project because 
it tied together multiple areas of our electrical engineering coursework as well as even introduced 
us to things we had yet to see. 
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